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This  engineerifig  plan  describes  Che  equipinent  and  medlfica- 
Clons  necessary  to  interface  che  existing  Ground  Data 
Handling  iquipment  (GDHB)  with  the  Multiple  Satellite  Aug¬ 
mentation  Program  (MSAP)  command  equipment  at  NHS  and  VTS^ 
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This  Engineering  Plan  was  prepared  by  Phi led  Western  Develdpmeni 
jLabdratdrieS  in  fulfilling  the  requirements  of  Phileo  WDL  Letter 
16‘61S«2(149),  dated  28  December  1962> 

The  subject  plan  is  based  upon  the  pesign  driteria  for  698  bk/musAP 
Interface  Equipment,  published  on  28  December  1962 ^  The  design  criteria 
prepared  by  Phllco  for  the  interface  equipment  is  required  to  connect 
the  698bk  eoaniand  consoles  with  the  MDSAP/A  equipment  at  nHS  and  VTSi 
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ENGINEERING  PLAN 
GEHE/HUSAP  C(M1MD  INTERFACE 


1 .  GENERAL 

This  engineering  plan  descrlhes  the  equipment  and  modifieatidns 
necessary  to  interface  the  existing  Ground  Data  Handling  Equipment  (GDHE) 
with  the  Multiple  Satellite  Augmentation  program  (musap)  command  equip¬ 
ment  at  NHS  and  VTS^ 

2i  SUBSYSTEM  REQUIREMENTS 

2  i  1  Coneiand^Mode 

A  MUSAP  remote  analog  computer  auto  command  mode  of  operation 
shall  be  established  to  permit  manual^  random  selection  of  coimnands  by 
the  GDHE  operator  from  the  CDC  160A  computer  program.  Commands  origin¬ 
ating  from  the  GDhe  as  relay  closures  shall  require  transmission  of 
either  one  or  three  real-time  analog  c^mnands  (discrete  tone  pairs) »  de¬ 
pending  upon  the  position  of  matrix  relays  in  the  vehicle  equipment, 
as  continuously  verified  by  telemetry  on  a  separate  channel. 

2.2  Niimber  of  Conanaads 

The  maximum  number  of  commands  generated  by  the  GDHE  will  be  99. 
Commands  from  the  GDHE  to  the  interface  panel  will  be  in  the  form  of 
relay  closures  to  a  coimnon.  The  relays  in  the  GDHE  are  of  the  latching 
type,  and,  upon  command  initiation,  remain  latched  until  receipt  of 
command  verification  from  the  computer • 

2 . 3  Input  Status  Signals  to  GDHE* 

The  following  input  status  signals  are  required  by  the  GDHE: 

a.  Enable  (Command  Link  OK) ♦  The  "Enable"  signal  Shall  be  a  re¬ 
lay  closure  to  a  common. 


*  These  input  signals  may  share  the  same  conmon. 
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b.  Loss  Wgrniog .  the  "Lee#  Warning"  signal  shall  be  a  relay 
closure  Co  a  cotnmon. 

e.  Command  Link  LOsti  the  "Command  Link  Lost"  signal  Shall  be  a 
relay  closure  to  a  comnon^  and  shall  open  when  the  GOmputer 
receives  the  next  "COrnmand  Request i" 

2 <4  Input  _  St  a tus  S igna 1 s  to  IQB* 

the  following  input  statu#  signals  are  required  by  the  lOB  for  dis¬ 
play  on  the  SOC: 

a.  Ready,  the  "Ready"  signal  shall  be  a  relay  closure  to  a  com¬ 
mon. 

b.  jft  progress ♦  the  "In  Progress"  signal  shall  be  a  relay  closure 
to  a  common. 

Ci  Complete ^  the  "Complete"  signal  shall  be  a  relay  closure  to  a 
common. 

2.5  Command  Regueat 

A  "Command  Request"  Signal  Shall  be  provided  to  the  computer  via 
the  CLE  and  lOB  40  ^  10  milliseconds  after  GPHE  command  initiation  and 
GpHE  coirnnand  relay  closure.  The  "Command  Request"  Shall  be  a  relay 
closure  to  common  of  15  ^  3  milliseconds  duration,  the  "Command  Request" 
shall  function  as  a  'transit"  signal  to  the  CI^  and  the  computer  to 
initiate  transmission  of  a  selected  command. 

2.6  Command  VerificatioH 

the  verification  of  a  given  comand  series,  as  derived  from  real¬ 
time  telemetry,  shall  cause  the  computer  to  provide  a  "Command  Block 

*  the  above  input  signals  share  the  same  conmion,  and  are  available 
from  the  GPHE. 
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Verified''  do  the  CLE.  A  normally  closed  relay  in  the  OLE  shall  open 
for  25  ^  5  milliseconds  to  provide  cOinmand  verification  to  the  GDHE. 
this  "Conmand  Block  verified"  signal  shall  function  to  unlatch  the 
coomand  relays  in  the  GDHE. 

2.7  GMffiand  Link  Lost 

Upon  computer  receipt  of  verification  of  a  discrete  tone  pair  in 
a  given  c<^mnand  series^  transmission  of  that  tone  pair  shall  ceasei 
After  approximately  one-half  secondi  the  next  tone  pair  in  the  cosmand 
Series  shall  he  transmitted.  Any  discrete  tone  pair  shall  he  trans¬ 
mitted  for  a  maximum  of  three  seconds.  After  three  seconds,  if  verifica¬ 
tion  is  not  received  via  real-time  telemetry,  the  computer  shall  cause 
command  transmission  to  cease  and  a  "Conmand  Link  Lost"  signal  to  he 
delivered  to  the  GdhE. 

2.8  Loss  warning 

Sixty  seconds  prior  to  signal  fade,  a  "Loss  warning"  signal  will 
he  generated  hy  the  computer  for  display  at  the  GDHE.  As  previously 
indicated,  the  "Loss  Warning"  signal  shall  he  a  relay  closufe  to  a 
common.  Loss  warning  shall  be  derived  from  the  ETT. 


3.  DESIGN  APPROACH 

The  design  will  make  maximum  use  of  the  CDC  160A  computer  to  pro* 
vide  the  timing  and  logic  necessary  for  the  sequencing  of  the  conmand 
message  hy  the  MUSAP  Conmumd  Logic  Equipment  (CLE) .  Since  the  required 
mode  of  operation  is  slightly  different  from  that  presently  provided  by 
the  MUSAP  command  equipment,  a  minor  modification  to  the  CLE  will  be 
required.  This  modification  will  increase  the  capability  of  the  com¬ 
mand  system,  possibly  benefiting  future  programs.  Status  signals  be¬ 
tween  the  Input-Output  Buffer  (lOE)  and  the  GDIS  will  require  four 
additional  relay  cards  in  the  lOB.  The  spare  patching  facilities  of 
the  Station  Program  Board  (SFB)  will  be  used  as  required  to  be  consist¬ 
ent  with  the  MUSAP  signal  distribution  philosophy. 
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Beeause  the  GLE  is  deSlgaed  to  operate  from  BCD  inputs i  an  inter- 
faoe  unit  must  be  provided  to  transiate  the  99  oommand  selection  inputs 
from  the  GDHi  into  BCD  Suitable  for  use  by  the  CI.E  and  the  computer ^ 

This  unit  will  be  known  as  the  CotMand  Interface  Equipment  (GlE) . 

A  block  diagram  of  the  proposed  configuration  is  shown  in  Figt  1. 

The  operational  performance  is  described  in  Fara.  4  (below) < 

4.  FDNGTiONAL  PERFORMANCE 

When  the  command  link  has  been  established  and  the  "Remote  Cotisnand 
Ready"  signal  has  been  received  from  the  CDHE,  the  soc  operator  actuates 
the  "Remote  Enable"  switch.  The  station  Program  Board  for  this  type 
of  vehicle  will  be  wired  to  select  the  "computer  Auto  Mode"  automatically 
when  the  "Remote  Enable"  is  received  by  the  CLE  and  loB.  This  causes 
the  computer  to  Send  the  "Command  Link  OK"  signal  to  the  GDBil.  The 
Gone  operator  may  then  transinit  a  command  by  depressing  one  of  the  99 
command  pushbuttons. 

The  "Command  Select"  switch  closure  is  converted  into  Binary  Coded 
Decimal  (2  digits)  by  the  ClE>  and  is  provided  as  a  "command  Block 
Number"  tO  the  lOS  via  the  CLE.  Forty  milliseconds  later,  the  GOHE 
automatically  sends  the  "Transmit"  ("Command  Request",  Para.  2.5)  stg* 
nal  to  the  CLE,  causing  the  ccwnputer  to  Select  from  the  program  the 
first  command  from  the  indicated  command  block,  and  to  provide  it  to 
the  CLE  as  a  BCD  command  number  for  one  of  the  15  available  commands. 

The  determination  of  whether  the  command  block  shall  consist  of  one 
or  three  commands  is  made  by  the  computer  after  checking  the  address 
verification  signals  provided  continuously  to  the  lOB  ("Consnand  Mode", 
Para .  2,1), 

The  CLE  will  transmit  this  command  continuously  until  the  command 
number  is  withdrawn  by  the  computer  (receipt  of  verification  or  loss  of 
coimnand  link,  Para.  2.7),  The  computer  continues  in  this  manner,  un¬ 
less  halted  by  loss  of  coimnand  link,  until  all  commands  In  the  command 
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block  have  been  verified^  at  which  time  it  causes  the  CLE  to  ptovide 
the  "Comnand  Block  Verified''  si^al  (Para.  2.6)  to  the  6DHE.  The  GDIBS 
Operator  may  continue  to  command  until  the  "Loss  Warning"  signal  is  re^ 
ceived  from  the  lOB  (Para.  2.8).  At  this  timsi  or  sooner  if  appropriatei 
the  operator  transmits  the  "Remote  Cotanand  Complete"  signal  to  the  soc 
via  the  lOBi 

5  .  NEW  EQUII^NT 

The  CiE  is  the  only  major  equipment  item  which  must  be  provided. 

It  will  be  housed  in  a  single  standard  Phllco  data  Gabinet  located  in 
the  GDHE  area  (see  Fig.  2).  The  cabinet  will  contain  approximately  60 
logic  cards  mounted  in  a  four- file  drawer.  The  two  required  power 
supplies  will  be  mounted  on  the  rear  of  the  drawer,  standard  Philco 
logic  cards  and  packaging  techniques  will  be  utilised  throughout. 

6.  MODIFICATIONS  TO  EXISTING  EQUIPMENT 

Existing  spare  capability  will  be  utilised  in  the  SPB,  loB,  and 
CLE.  in  addition,  the  CLE  and  computer  program  must  be  modified  so 
that  Computer  Auto  Mode  will  accomodate  the  operation  described  in 
Para.  4.  This  modification  will  require  approximately  four  additional 
logic  cards  and  minor  rewiring  of  the  CLE*  As  a  result  of  this  modifica* 
tion,  the  CLE  will  increase  its  flexibility,  Since  the  Computer  Will 
have  additional  control  over  the  CLE  operation.  The  lOB  will  require 
four  additional  relay  output  cards. 

7.  INSTALLATION  MD  CHECKOUT 

The  CIE  will  be  located  in  the  GDHE  area  at  both  NHS  and  VTS.  Phase 
III  and  ly  test  procedures  will  be  prepared  by  Philcoi  who  will  have 
installation  responsibility  at  both  sites.  Philco  field  engineers  will 
be  provided  to  assist  the  i&c  effort. 

8.  SPECIFICATION  PLAN 

The  subsystem  requirements  will  be  documented  by  an  amendment  to 
the  MUSAP  Data  Subsystem  Specification.  A  procurement  specification 
and  acceptance  test  specification  will  be  required  for  the  CIE,  and 
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the  modlficatidn  and  additions  to  the  CLE,  SPB,  and  lOS  will  be  doc¬ 
umented  by  ainendmenta  to  their  respective  specif leatlonei  The  specif 1- 
cetlon  Is  shown  in  Flgi  3. 

9 .  SCHEitlLE 

A  planning  schedule  Is  shoitm  In  Fig.  4. 
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